Due to increasing penetration of internet connectivity, on-line retail is growing from the pioneer phase to increasing integration within people's lives and companies' normal business practices. In the increasingly competitive environment, on-line retail service providers require systematic and structured approach to have cutting edge over the rival. Thus, the use of benchmarking has become indispensable to accomplish superior performance to support the on-line retail service providers. This paper uses the fuzzy analytic hierarchy process (FAHP) approach to support a generic on-line retail benchmarking process. Critical success factors for on-line retail service have been identified from a structured questionnaire and literature and prioritized using fuzzy AHP. Using these critical success factors, performance levels of the ORENET an on-line retail service provider is benchmarked along with four other on-line service providers using TOPSIS method. Based on the benchmark, their relative ranking has also been illustrated.
Introduction
The Internet has been evolved from a basic tool of communications into a vast and interactive market of products and services involving over 240 million users worldwide (Guo & Shao, 2005) . The Internet has the potential to market products and services to customers, to communicate information to a global community, to provide an electronic forum for communications and to process business transactions such as orders and payments. Naturally many enterprises across the world attempt to embrace the digital revolution and place a wide range of materials on the web, from infrastructure to databases to actual service online for the convenience of customers. On-line retailing is no longer just an option now but a necessity for enterprises aiming for better performance (Hsieh et al., 2008) . This growth in nonstore shopping and new trends in technology have facilitated the introduction of electronic marketing and promise to provide new ways of impacting and serving consumers in the future (Balasubramanian et al., 2002; Sivanad et al., 2004) . Traditional retail and consumer business is suffering at a time of unprecedented economic uncertainty. On the other hand, online divisions of retail chains are attracting the attention of both consumers looking for a better deal and managers seeking to cut costs (Yoo and Donthu, 2001) . To survive in fierce competitive global market, many practitioners and academicians in this field have recently focused on how to improve online service to attract potential customers and on how to retain current customers. E-shop maintenance costs are much lower than those of a traditional retail outlet, as a virtual store saves labor and rental of premises costs. Advantages of the web as a distribution channel have become obvious. In the past year, electronics retail chains have focused on expanding their online retail segment (Fenech & O'Cass, 2001 ).
Benchmarking is a quality tool to evaluate products, services, and work processes of organizations that are recognized as representing best practices, for the purpose of organizational improvement (Spendolini, 1992) . Benchmarking is most popularly adopted by organizations to understand how well they are performing relative to their competitors. It is also used to identify what management practices are worthwhile to apply in one's own firm in order to achieve desired performance goals. Benchmarking has been defined as "the search for industry best practices that lead to superior performance" (Camp, 1989) but it can also regarded as the constant search for reference points due to the rapid state of change on all fronts (eg. technology, human resources skill, consumer tastes, etc.). The benchmarking process consists of investigating practices and establishing metrics where practices are interpreted as the processes that are employed and metrics are the quantified result of instituting practices (Camp, 1989) . Companies have to create close relationships with their upstream and downstream partners due to acute competition. The traditional relationship is no more effective in this competitive era (Bowersox et al., 2000) .
Benchmarking is also an industrial research and information gathering process, which enables a manager to compare his or her function's performance to the performance of the same functions in other companies. Many researchers have conducted the comprehensive literature survey on benchmarking for instance Jackson et al. (1994) , Zairi and Youssef (1995) , Yasin (2002) and more recently by Dattakumar and Jagadeesh (2003) . Many benchmarking processes in e-commerce have been reported for instance Ahmed et al. (2006) demonstrated global benchmarking for internet and ecommerce applications and Rickards (2007) evaluated the benchmarking's for the development for an e-commerce in small and medium enterprise. Apart from this, many researchers have also utilized various techniques in benchmarking for instance AHP has been successfully utilised for benchmarking in process performance (Frei & Harker, 1999) , strategic performance (Partovi, 2001) , quality performance (Min & Chung, 2002) and logistics performance of the postal industry (Chan et al., 2006) . This study aimed elucidate the factors that affect success in on-line retail service and then evaluate and rate these factors by analyzing components using the Fuzzy Analytic Hierarchy Process (FAHP) and to benchmark the performance or rank the present case company based on critical success factors among its competitors using Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method. In the proposed methodology, the AHP with its fuzzy extension, namely fuzzy AHP, is applied to obtain more decisive judgments by substituting membership scales for Saaty's 1-9 scales and weighting them in the presence of vagueness.
There are various fuzzy AHP applications in the literature that propose systematic approaches for selection of alternatives and justification of problem by using fuzzy set theory and hierarchical structure analysis (Anand et al., 2008; Çakir et al., 2009; Kahraman et al., 2004; Tang & Beynon, 2005; Xia & Wu, 2007) . Decision makers usually find it more convenient to express interval judgments than fixed value judgments due to the fuzzy nature of the comparison process (Bozdag et al., 2003) .
Based on the above premises, the research was undertaken to identify the on-line retail critical success factors, to benchmark the performance of an on-line retail service providers using fuzzy analytic hierarchy process (FAHP) with regard to critical success factors and to rank the present case company based on critical success factors among its competitors using technique for order preference by similarity to ideal solution (TOPSIS) method. The remainder of this paper is organized as follows. Brief note on benchmarking and its implementation for on-line retailing organizations has been described in the next section. After that, we present an overview of the fuzzy set theory, fuzzy AHP technique and TOPSIS method. We then apply this technique in next section to illustrate case study of ORENET, an on-line retail service provider, whose performance has been benchmarked with other on-line retail service providers. Finally, the last section presents the conclusion and discusses the limitations and scope for future work. Zadeh (1965) came out with the fuzzy set theory to deal with vagueness and uncertainty in decision making in order to enhance precision. Thus the vague data may be represented using fuzzy numbers, which can be further subjected to mathematical operation in fuzzy domain. Thus fuzzy numbers can be represented by its membership grade ranging between 0 and 1. A triangular fuzzy number (TFN) is shown in Figure 1 .
Fuzzy Sets Theory and TOPSIS Method

Fuzzy set theory
Fig. 1. Triangular Fuzzy Number
A TFN is denoted simply as (l/m, m/u) or (l, m, u), represents the smallest possible value, the most promising value and the largest possible value respectively. The TFN having linear representation on left and right side can be defined in terms of its membership function as:
A fuzzy number with its corresponding left and right representation of each degree of membership is as below:
where l(y) and l(r) denotes the left side representation and the right side representation of a fuzzy number respectively. The fuzzy summation and fuzzy subtraction Θ of any two TFN are also TFNs, but the multiplication of any two TFNs is only approximate TFNs. The data can be assessed using 
Very strongly important
Extremely Preferred 9 µ M (x) = (x-7) / (9-7) 7 ≤ x ≤ 9 (7, 9, 9)
If factor i has one of the above numbers assigned to it when compared to factor j, then j has the reciprocal value when compare to i 
Fuzzy analytic hierarchy process
The following section outlines the extent analysis method on FAHP. Let X = {x 1 , x 2 ,…, x n } be an object set and U = {u 1 ,u 2 ,….,u m } be a goal set. As per Chang (1992 Chang ( , 1996 each object is taken and analysis for each goal, g i , is performed, respectively. Therefore m extent analysis values for each object can be obtained, as under: Equally Moderately Strongly Very Strongly Extremely
The steps of Chang's extent analysis (Chang, 1992) can be detailed as follows Kahraman et al., 2003 , Kabir & Hasin, 2011a , 2011b :
Step 1: The value of fuzzy synthetic extent with respect to i th object is defined as 
And to obtain ∑ ∑ -1 perform the fuzzy addition operation of
And then compute the inverse of the vector in Eq. (11) such that
Step 2: The degree of possibility of
And can be equivalently expressed as follows:
where d is the ordinate of the highest intersection point D between µ M 1 and µ M 2 as shown in Fig. 3 . 
Step 3: The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy numbers M i (i = 1,2,….., k ) can be defined by
Assuming that
for k = 1, 2, 3,…., n; k ≠ i. Then the weight vector is given by
where ,2,3,…n) are n elements
Step 4: By normalizing, the normalized weight vectors are
where W is a non-fuzzy number.
TOPSIS Method
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) is one of the useful Multi
Attribute Decision Making techniques that are very simple and easy to implement, so that it is used when the user prefers a simpler weighting approach. On the other hand, the AHP approach provides a decision hierarchy and requires pairwise comparison among criteria. The user needs a more detailed knowledge about the criteria in the decision hierarchy to make informed decisions in using the AHP (Lee et al., 2001) . TOPSIS method was firstly proposed by Hwang and Yoon (1981) . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution and farthest from the negative ideal solution (Benitez et al., 2007) . The positive ideal solution is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the negative ideal solution maximizes the cost criteria and minimizes the benefit criteria (Wang and Chang, 2007; Wang and Elhag, 2006; Wang and Lee, 2007; Lin et al., 2008) . In other words, the positive ideal solution is composed of all best values attainable of criteria, whereas the negative ideal solution consists of all worst values attainable of criteria (Ertuğrul and Karakasoğlu, 2009 ). The method is calculated as follows:
Step 1: Construct normalized decision matrix. This step transforms various attribute dimensions into non-dimensional attributes, which allows comparisons across criteria. Normalize scores or data as follows:
Step 2: Construct the weighted normalized decision matrix. Assume we have a set of weights for each criteria w j for j = 1,…, n. Multiply each column of the normalized decision matrix by its associated weight. An element of the new matrix is:
Step 3: Determine the positive ideal and negative ideal solutions.
Positive Ideal solution:
Negative ideal solution:
Step 4: Calculate the separation measures for each alternative. The separation from the ideal alternative is:
Similarly, the separation from the negative ideal alternative is:
Step 5: Calculate the relative closeness to the ideal solution CC i
Step 6: By comparing CC i * values, the ranking of alternatives are determined.
Benchmarking and Its Implementations
The essence of benchmarking is the process of identifying the highest standards of excellence for products, services or processes and then making the improvements necessary to reach those standards commonly called 'best practices'. Benchmarking in on-line retailing organizations enables the company to constantly monitor and assess its performance and operating techniques against other best of class companies. The process is important to the continuous improvement in an organization's service and expense levels. Benefits from benchmarking for on-line retailing organizations include:
improved market position and sales improved customer satisfaction level identification of information that will enhance and improve throughput and lower expense improved information flow between departments improved customer service and quality control reduced logistics expenses improved team spirit and morale.
Using the benchmarking methodology of Korpela and Tuominen (1996) the revised steps may be listed as follow:
define the on-line retail critical factors criteria and sub-criteria identify the companies or alternatives to be included in the analysis analyze performance analyze the company's situation and identify developmental actions define and implement the improvement plan monitor and update.
An Empirical Study
A benchmarking process for performance rating was undertaken for ORENET an on-line retail service provider along with four other on-line retail service providers. The main goal of the questionnaire is to identify the success factors or criteria and sub-criteria for on-line retail service provider from the viewpoint of users' perception. In order to evaluate the importance of the critical success factors or criteria and sub-criteria and to analyze the performance of the companies to be benchmarked, the success factors or criteria and sub-criteria are structured into a form of a hierarchy as shown in Figure 4 . The Fuzzy AHP model was formulated and data were collected to assess the professional judgment of customers or decision-making executives using the linguistic variables for pair-wise comparisons of criteria and sub-criteria.
A decision matrix 'D' as shown in Table 2 may be constructed to measure the relative degree of importance for each success factors or criteria, based on the proposed methodology. The decision matrix consist 7×7 elements.
Table 2
Fuzzy comparison matrix of criteria with respect to the overall objective
(1,1,1) (3,5,7) (3,5,7) (1/9,1/9,1/7) (3,5,7) (1/7,1/5,1/3) (1,3,5) C 2 (1/7,1/5,1/3)
(1,1,1) (1/5,1/3,1) (1/9,1/9,1/7) (1/5,1/3,1) (1/9,1/9,1/7) (1/7,1/5,1/3) C 3
(1,3,5) (1/7,1/5,1/3) (1,1,1) (1/9,1/9,1/7) (1/3,1,1) (1/9,1/9,1/7) (1/7,1/5,1/3) C 4 (7,9,9) (7,9,9) (7,9,9) (1,1,1) (3,5,7) (1,1,3) (5,7,9) C 5 (1,3,5) (1/7,1/5,1/3) (1,1,3) (1/7,1/5,1/3) (1,1,1) (1/9,1/7,1/5) (1/5,1/3,1) C 6 (7,9,9) (3,5,7) (7,9,9) (1/3,1,1) (5,7,9) (1,1,1) (3,5,7) C 7 (3,5,7) (1/5,1/3,1) (3,5,7) (1/9,1/7,1/5) (1,3,5) (1/7,1/5,1/3) (1,1,1)
Inconsistency of TFN used can be checked and the consistency ratio (CR) may be calculated (Satty, 1998) . The results obtained are: λ max = 7.733; CI = 0.1221; RI = 1.35 and CR = 0.0911. As CR < 0.1 the level of inconsistency present in the information stored in 'D' matrix is satisfactory (Satty, 1998 
Level 1 Goal Level 2 Criteria Level 3 Sub-criteria
Alternative 2 (A K ) Alternative 3 (A T ) Alternative 4 (A L ) Alternative 5 (A O )
Level 4 Alternatives
The by are (C1) ivacy (C2) pport (C3) abiity (C4) uality (C5) eness (C6) zation (C7) ty of SC 1 can e of possibili separately by following the same procedure discussed above. The fuzzy comparison matrices and the weight vectors of each sub-criterion are shown in Tables 3-9. The priority weight of each sub-criterion has been determined following the similar procedure discussed above.
Table 3
Fuzzy comparison matrix of the sub-criteria with respect to system quality
(1,1,1) (1/9,1/9,1/7) (1/3,1,1) (1/7,1/5,1/3) 0.033 S 2 (7,9,9) (1,1,1) (3,5,7) (1,1,3) 0.55 S 3
(1/3,1,1) (1/7,1/5,1/3) (1,1,1) (1/5,1/3,1) 0.057 S 4 (3,5,7) (1/3,1,1) (1,3,5) (1,1,1) 0.36 Table 4 Fuzzy comparison matrix of the sub-criteria with respect to privacy C 2 S 5 S 6 Weight S 5
(1,1,1) (1,1,3) 0.50 S 6 (1/3,1,1) (1,1,1) 0.50 Table 5 Fuzzy comparison matrix of the sub-criteria with respect to support
(1,1,1) (1/7,1/5,1/3) (1,1,3) (1/3,1,1) 0.157 S 8 (3,5,7) (1,1,1) (7,9,9) (5,7,9) 0.453
(1/3,1,1) (1/9,1/9,1/7) (1,1,1) (1/3,1,1) 0.324 S 10 (1,1,3) (1/9,1/7,1/5) (1,1,3) (1,1,1) 0.066 Table 6 Fuzzy comparison matrix of the sub-criteria with respect to reliability
(1,1,1) (5,7,9) 0.50 S 12 (1/9,1/7,1/5) (1,1,1) 0.50 Table 7 Fuzzy comparison matrix of the sub-criteria with respect to content quality (1,1,1) (5,7,9) (3,5,7) (1,3,5) 0. 463 S 14 (1/9,1/7,1/5) (1,1,1) (1/7,1/5,1/3) (1/7,1/5,1/3) 0.006 S 15 (1/7,1/5,1/3) (3,5,7) (1,1,1) (1/5,1/3,1) 0.21 S 16 (1/5,1/3,1) (3,5,7) (1,3,5) (1,1,1) 0.321 Table 8 Fuzzy comparison matrix of the sub-criteria with respect to responsiveness
(1,1,1) (1/5,1/3,1) 0.30 S 18 (1,3,5) (1,1,1) 0.70 Table 9 Fuzzy comparison matrix of the sub-criteria with respect to personalization (1,1,1) (1/7,1/5,1/3) (1,1,3) 0.086 S 20 (3, 5, 7) (1,1,1) (3,5,7) 0.781 S 21 (1/3,1,1) (1/7,1/5,1/3) (1,1,1) 0.133
At this stage, the relative priority weights of each criterion and each sub-criterion are calculated. The results of the instance are shown in Table 10 Then the distance of each alternative from PIS and NIS with respect to each sub-criterion are calculated with the help of Eqs. (23) and (24). Table 6 shows the separation measure of each alternative form PIS and NIS. The closeness coefficient of each on-line retail service provider is calculated by using Eqs.
(25) and the ranking of the alternatives are determined according to these values in Table 13 . Finally, the sixth step ranks the alternatives according to Table 13 . From Table 13 , it is evident that alternative A K demonstrates highest score, hence, must be selected as a potential on-line retail service provider. The order of ranking the alternatives using TOPSIS method results as follows:
According to the final scores, we can conclude that the performance of A K provide the best information and service whereas A S demonstrates the least performance from the viewpoint of users' and expert perception. ORENET can improve its performance following the information and services provided by the market leader (A K ) so the best practice can be implemented. In fact, this is a continuous improvement process because the company can improve its weaknesses one by one. 
Conclusion
With Internet and Web technologies, online customers can have unlimited access to the information they require and may enjoy a wider range of choices in selecting products and service with highly competitive prices. Therefore, it is generally not easy for online retailers to gain and sustain competitive advantages based solely on a cost leadership strategy in rival-driven online retailing. Rather, the subtle "differentiating" service quality levels of the online retailers have increasingly become a key driving force in enhancing customers' satisfaction and in turn in expanding their customer bases. To survive in fierce competitive global market, many practitioners and academicians in this field have recently focused on how to improve online services to attract potential customers and on how to retain current customers. The use of benchmarking is widening in order to support strategic management for survival. Fuzzy AHP may be employed to reduce the vagueness and impreciseness while making judgmental decision to support on-line retail benchmarking process. In the present research, FAHP has been successfully applied to prioritize the critical success factors and TOPSIS method for their subsequent ranking. The various on-line retail service providers have been evaluated with reference to the identified critical success factors for necessary benchmarking. Thus the benchmarking using FAHP has been conducted to achieve the desired performance standard. The benchmarking process helps both users and on-line retail service providers. On-line retail service providers may improve upon their weak area of performance while the users may use the benchmarking process to identify the potential on-line retail service providers and to optimize their requirements. Sampling is a major limitation in this study. Since the survey was conducted based on a sample in Bangladesh, the prudent reader may need to interpret the results of the study with caution, particularly with respect to the generalization of research findings to Bangladesh online customers as a whole. Future research should make several extensions of the current study. Benchmarking process may be further extended by involving the influence of the enablers to on-line retail critical success factors. The enablers may also be ranked in order to find the most vital enabler influencing on-line retail critical success factors, since the benchmarking is a continuous process. Many more companies operating in different sectors can be accommodated in the evaluations. The use of fuzzy ANP (FANP) may be extended to measure the overall impact of enablers.
